Objective: To validate bio-electric impedance spectroscopy (BIS) by comparison with other methods for determination of body water compartments in stable subjects with an ileostomy and no or minor small bowel resection for inflammatory bowel disease (IBD). Subjects: Twenty-one subjects were included, age range 36 -65 y (female=male ¼ 12=9), Crohn's disease (CD), n ¼ 14, ulcerative colitis (UC), n ¼ 6 and indeterminate colitis (IDC), n ¼ 1.
Introduction
Removal of the colon may be a life-saving and curative procedure in subjects with inflammatory bowel disease (IBD). However, this is to the cost of a permanent loss of the function of the large bowel and can be to the cost of a permanent stoma. Absence of the water-absorbing capacity of the colon implies the risk of sudden and profound changes of fluid balance, eg ileostomy diarrhoea in unspecific gastro-enteritis. Moreover, recrudescence of intestinal inflammation, as in Crohn's disease, may cause chronic increase of fluid loss through the stoma. Although several studies have shown that subjects with an ileostomy and no inflammatory activity have a normal water content according to dilution and current techniques (Christie et al, 1990; Cooper et al, 1986; Nilsson et al, 1982) , the increase in water turnover constitutes a risk of dehydration in case the ileostomy discharge is not compensated for.
Assessment of dehydration in clinical practice is based mainly on anamnesis, observations regarding weight loss, physical signs and a biochemical investigation. There is presently no direct method of measurement available for practical clinical use. Research methods for the determination of total body water and assessment of fluid compartments are dominated by dilution techniques (Deurenberg et al, 1995; Gudivaka et al, 1999; Heymsfield et al, 1996; Van Marken Lichtenbelt et al, 1994) . These techniques are cumbersome, require time for equilibration and involve extended laboratory facilities and calculations. For these reasons they are not suitable for monitoring the dynamic clinical course in management of dehydrated patients.
The development of bio-electric impedance measurements for clinical determination of total body water represents an interesting innovation. Particularly with the use of the multiple frequency-technique (bio-electric impedance spectroscopy, BIS), allowing for a detailed analysis of water compartments, the potential clinical usefulness appears considerable (Gudivaka, et al, 1999; Van Loan & Mayclin, 1992; Van Marken Lichtenbelt et al, 1994) . The apparent stability of tissue hydration also makes it possible to use body fluid investigations for estimation of other compartments, such as fat free mass (FFM) and further fat mass (Wang et al, 1999a,b) . However, due to the indirect character of impedance measurements it is not known whether this technique is valid in subjects with an ileostomy, or in individuals with a disturbed fluid balance. Clinical usefulness is anticipated in ileostomates with acute disturbances of fluid balance, but also in inflammatory bowel disease (IBD) -subjects with other, more longstanding, alterations of body composition. A validation was therefore considered of interest.
The aim of the present study was to validate BIS by comparison with other methods for determination of body water compartments in stable subjects with an ileostomy for IBD.
Subjects and methods

Subjects
Subjects with ulcerative colitis (UC), indeterminate colitis (IDC) or Crohn's disease (CD) were identified from the IBD clinic at Sahlgrenska University Hospital, Göteborg, Sweden. Only subjects in a clinically stable condition living in the area were asked to participate in the study. Subjects were eligible if the entire colon was removed and they had an endileostomy. Exclusion criteria included diabetes, pregnancy and ongoing inflammatory activity, as reflected by clinical history and laboratory indices (C-reactive protein (CRP), serum albumin). Subjects with a small bowel resection of more than 25 cm were also excluded. None of the patients had received steroid treatment since the last operation. Twenty-five subjects fulfilled the criteria. Four subjects (two male=two female) declined because of the individual professional situation.
Twenty-one subjects (12 females and nine males) consented to participate in the study, constituting the entire population of stable ileostomates. Details regarding Table 1 . The patients were stable in weight and none reported nutritional problems. In fact eight of the patients were overweight, (body mass index, BMI > 25); of these three were obese (BMI > 30).
Four of the women were younger than 47 y. The menstrual cycle phase was not taken into consideration for the study. Two women had oestrogen supplementation.
Subjects received oral and written information on the design of the study and informed consent was obtained. The ethical committee of the Medical Faculty, University of Gothenburg approved the study protocol.
Body composition analysis
Subjects reported to the IBD clinic at 8.00 am after a light breakfast. All investigations were performed before noon. Clear liquids orally were permitted during the investigation.
Body weight was measured to the nearest 0.1 kg with a portable platform digital scale (CL-300 BMI, Carl Lidén, Gothenburg, Sweden), with the subjects in light clothing. Height was recorded using a wall-mounted stadiometer to the nearest cm. BMI was calculated from weight and height (kg=m 2 ). Fluid compartments were assessed by use of three independent methods: BIS (experimental), dual-energy X-ray absorptiometry (DXA) and dilution techniques (reference). For comparison predicted total body water (TBW) was also calculated according to the formula presented by Bruce et al (1980) . Bio-electrical impedance spectroscopy. A commercially available instrument (Xitron Hydra 4200, Xitron Technologies, San Diego, USA) was used. The impedance technique is based on the observation that the electric conductivity of the human body is dependent on the frequency of an alternating current, and that resistivity of intra-and extra-cellullar water are different for different frequencies. The Xitron Hydra 4200 uses 50 frequencies between 5 kHz and 1 MHz. At the highest frequencies, the current is able to overcome the capacitance of cell membranes, and penetrate throughout virtually all the body water pool, whereas at lower frequencies, the current passes only through extracellular water. In practice water volumes are calculated by inserting patient variables into an equation using constants and a computer program supplied by the manufacturer. For a detailed description see reviews by De Lorenzo et al (1997) and Chumlea and Guo (1997) .
Subjects were resting in the supine position during 10 min prior to assessment. Room temperature was 23 C and humidity varied between 20 and 30%. Electrodes were placed according to the manufacturer's manual: one pair of electrodes on the dorsal surface of the hand=wrist and the other on the foot=ankle on the right side of the body. Measurements were performed twice; the mean value was used. The precision error was reported to be < 2% (Ellis & Wong, 1998) . Values for ECW and ICW compartments were obtained using the instrument's software option for water compartment analyses after entering of gender, height and weight. TBW was calculated as the sum:
Dual-energy X-ray absorptiometry. DXA was performed using a LUNAR-DPX-IQ scanner (Scanexport Medical, Helsingborg, Sweden). The system used a constant-potential Xray source and a K-edge filter to achieve a congruent beam of stable dual-energy radiation. Whole body scans were performed at the scan speed suggested by the system for each subject. Body fat, FFM, total bone mineral content and density were analysed using the software, version 4.7 C.
TBW values were derived from the DXA-analysis. For the present study, hydration of the FFM was assumed to be constant: (Pace & Rathburn, 1945; Wang et al, 1999b) :
Dilution techniques (DIL). Tritiated water and bromide were used for assessment of TBW (DIL) and ECW (DIL) respectively. The bladder and stoma-bag were emptied, and a urine sample was collected for baseline analyses. Each subject consumed a mixture of tritiated water and 45 ml of a 5% solution of NaBr followed by a further 200 ml of tap water to wash out the cup. TBW (DIL) was determined by assessment of isotope dilution of tritiated water (THO; Bruce et al, 1980) . Subjects were given 100 mCi (3.7 MBq) of THO, added to the bromide solution. During equilibration (3 h) the stoma output was collected for analysis of tritiated water in 12 of the 21 patients (in nine the stomal discharge was too viscous for analysis). In all stoma samples the specific activity of tritiated water in the stoma content was less than or equal to the plasma value, in concert with an earlier paper from our institution (Nilsson et al, 1982) . After equilibration a blood sample of 10 ml was drawn from a cubital vein. The activity of plasma water, obtained by sublimation, was counted in a liquid scintillation counter. The dilution technique using tritiated water over-estimates TBW by 4 -5% (Schoeller, 1992) . The tritium-dilution space was therefore divided by 1.05, correcting for the exchange of tritium label with nonaqueous hydrogen in body solids (Schoeller, 1992) . The coefficient of variation of a single TBW determination was 3.2% (Bruce et al, 1980) . Samples from two patients (one man, one woman) were omitted for technical reasons. ECW (DIL) was determined as bromide space, modified after Miller et al, (1989) . After 3 h of equilibration, a blood sample was drawn, serum was separated and stored at 7 20 C until analysis. Samples were deproteinised using methanol and after subsequent centrifugation, bromide concentration was determined by high performance ion chromatography (HPIC, Dionex ion-chromatographic The correction factor for non-extracellular distribution of Br ¼ 0.90, and correction for the Donnan equilibrium ¼ 0.95 (Miller et al, 1989) .
Prediction of TBW. Predicted TBW (PRE) was calculated in all subjects according to the modified formula derived by Bruce et al (1980 
Statistical analysis
All statistical analyses were made using the SPSS 8.0 for Windows package (SPSS Inc., Chicago, IL, USA). Descriptive statistics were reported as mean and s.d. Means were compared using paired and unpaired t-tests. Bland -Altman plots (Bland & Altman, 1986 ) were used to assess the degree of interchangeability between impedance, DXA and dilution methods. A line of regression was included in the figures, and Pearsons's correlation coefficient was calculated. The limits of agreement between the two methods were defined as mean difference AE 2 s.d. (Bland & Altman, 1986) . A Pvalue < 0.05 was considered significant.
Results
Twenty-one subjects participated; 14 had CD, six UC and in one the diagnosis was IDC. Age ranged between 36 and 65 y; the mean (s.d.) age was 51 ( AE 7.8) y. BMI was 25.3 ( AE 3.6) kg=m 2 . Time elapsed since the ileostomy operation was 21 ( AE 10) y. Table 1 shows individual clinical data for patients at entry into the study.
In Table 2 the mean ( AE s.d.) of measurements of fluid compartments and FFM are denoted with reference to the three methods. It was observed that the mean TBW values obtained from BIS differed in the order of 7 2.21 (DIL) to þ 1.41 (DXA) in women and 7 2.01 (DIL) to þ 2.61 (DXA) in men, from the measured and derived values of TBW. DXA returned lower values and the dilution techniques returned higher values when compared to BIS. This observation was concordant in male and female subjects. A significant correlation was shown between TBW (DIL) and TBW (BIS), r ¼ 0.92, P < 0.001, and also between TBW (DXA) and TBW (BIS) r ¼ 7 0.94, P < 0.01. TBW (PRE) gave values that were close to BIS, with a mean difference of 7 0.31 in male and þ 0.51 in female subjects.
The differences between the reference methods (DXA and DIL) and experimental (BIS) were analysed using Bland -Altman plots, TBW (Figures 1 and 2 ) and ECW (Figure 3 ). Mean differences and lines of regression were plotted. Lines corresponding to mean AE 2 s.d. were also plotted in the diagrams.
Detailed analysis of differences in assessment of ECW using bromide dilution and BIS revealed that the mean difference between the two techniques was significantly less in women than the corresponding difference in men, P < 0.01.
A significant negative correlation between the difference TBW (DXA) 7 TBW (BIS) and BMI was observed, r ¼ 7 0.77 P < 0.01. No correlation was observed for the difference TBW (DIL) 7 TBW (BIS) and BMI, r ¼ 0.001, NS.
Discussion
Rapid shifts in hydration constitute a significant problem in subjects with an ileostomy. Assessment of dehydration in clinical practice is based mainly on the clinical history of recent weight-loss, although this information is frequently hampered by an inability to recall weight. Present day methods, encompassing mainly dilution techniques, are technically demanding and time-consuming. A simple and Determination of body water with BIS has many practical advantages. The equipment is relatively inexpensive and requires limited operator training and maintenance. Measurements can be done bedside and repeatedly, as frequently as needed, and results are immediately available. The method is quick and non-invasive. Subjects do not have to drink unpleasant test solutions and to have blood samples taken. There is no need for equilibration. However the accuracy of the method in different clinical settings is as yet unknown. Reduced accuracy is described in obese subjects (Cox-Reijven & Soethers, 2000; Deurenberg, 1996) and according to Cox-Reijven and Soehters the accuracy can only be improved if the constants in the Xitron model are adjusted for the degree of overweight. They also suggest that, before all possible confounding factors are identified, BIS should be used with caution in clinical practice.
A difference was observed between TBW (BIS) and TBW (DIL) in a validation of the impedance-method in a group of 469 subjects (Ellis & Wong, 1998) . In that study, impedancederived values were consistently lower than those obtained by the dilution method, which is in agreement with the present study. However, further comparison is limited by the fact that the patient material was dominated by a multiethnic and pediatric group of subjects. When the impedance instrument was recalibrated using constants from values obtained using the DXA-method Bland -Altman requirements (Bland & Altman, 1986) for interchangeability between methods were met. The s.d. values for the mean differences between the dilution methods and BIS methods, however, remained pronounced both in males and females. Lines and symbols are the same as in Figure 1 . Note the consistent difference between men and women.
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Royall and co-workers, on the other hand, noted that impedance over-estimates TBW as recorded using dilution of H 2
18
O (Royall et al, 1994) . A consistent observation in the present study was that DXA values for TBW were lower than BIS, which is in contrast to Ellis et al (1999) ; the magnitude of the difference, again, is similar.
It was also observed that TBW (DXA) 7 TBW (BIS) demonstrated a negative regression with BMI which was not observed in TBW (DIL) 7 TBW(BIS). This limitation in the use of DXA as a reference method for deriving TBW in obese has not received attention previously. However DXA may have limitations in body composition analysis in the very obese (Jebb & Elia, 1993) .
The advantage in using BIS is claimed to be the possibility to calculate ECW and ICW separately. The clinical usefulness is undisputed, eg in acute situations of dehydration (Dewit et al, 1997) and with or without ongoing inflammation. The variation between methods was wide in the present study, which reduces the ability to make reliable individual measurements. A similar conclusion was reached by Gudivaka et al (1999), and Cox-Reijven and Soethers (2000) suggest that the accuracy is not high enough for routine clinical use.
However, as stated by Dewit et al, although the use of BIS for precise prediction volumes may be questioned, its capacity for frequent serial use in longitudinal studies where repeated use of tracer dilution or other techniques is not possible commends its wider application (Dewit et al, 1997) .
Ellis also reported significant differences between male and female subjects regarding TBW (BIS) and TBW (DXA, Ellis et al, 1999; Ellis & Wong, 1998) . This is in parallel with our findings regarding ECW (DIL). Using the bromide-dilution technique we observed a statistically significant difference between men and women. Gender differences are frequently found in impedance models (Gudivaka et al, 1999) . Gudivaka et al found that most ECW and ICW models required gender-specific equations, which was unexpected. There may be a systematic difference in the relative contribution of the limbs and trunk in men and women, and this leads to the gender difference in regression lines. They also discussed whether it could be due to difference in the conductivity of the body fluids, but this was not supported by data. Another reason could be that there might be a gender difference in the bromide ICW penetration or mixing time that resulted in an artifact in the criterion method. They found the gender effect perplexing and concluded that more research is needed (Gudivaka et al, 1999) . Durenberg et al (1995) found that the prediction of ECW from impedance index alone was improved when body weight and age were added as independent variables and the prediction of TBW could also be improved by the additional factors body weight and gender.
Gallagher et al, in their study including 269 women and 204 men, found that age, body density and gender all contributed significantly to individual differences in BCM. They also found that the gender effect observed in regression models was mainly due to variation in extracellular fluid .
The present study was designed to analyse the validity of BIS in a sample of subjects with an ileostomy, by comparing measurements with results obtained using reference techniques. BIS values consistently fell between values from dilution methods and DXA. Ileostomy subjects are included in a few previous reports (Christie et al, 1990; Cooper et al, 1986; Nilsson et al, 1982) , but have not attracted much interest before. The IBD-population raises specific problems in the analysis of body composition: an increased susceptibility to dehydration was mentioned above. Moreover the presence of inflammation and also pharmacological treatment of inflammation may cause shifts of fluids and changes in body composition that make use of the BIS technique unreliable. The ECW=ICW ratio in patients with a long history of Crohn's disease showed a slightly increased value in a study by Geerling et al (1999) . In the present study all subjects had an ileostomy, whereas only two out of 17 had an ileostomy in the quoted study. These circumstances necessitate a careful validation of BIS as the measurement is indirectly based on electric properties of the various tissues of the human body, the effects on resisitivity cannot be predicted. It was noted that in the present study subjects were not clinically dehydrated, had no ongoing inflammation and did not take any anti-inflammatory drugs, including steroids.
The small sample in this study does not allow for fully reliable statistical conclusions. The number of subjects was similar to most previous studies on stable ileostomates (Cooper et al, 1986; Hill et al, 1975; Nilsson et al, 1982) .
It has been claimed that subjects with an ileostomy are chronically dehydrated (Hill et al, 1975) , although the topic is controversial. Ileostomy subjects have been investigated for dehydration without having recorded any significant differences (Cooper et al, 1986; Nilsson et al, 1982) . Although the number of patients under study is small, the previous conclusion that ileostomy subjects have a normal body composition and the present observations on the validity of BIS make it reasonable to suggest that BIS can be used in these patients, at least under assumed normal hydration.
In the clinical situation it seems reasonable from the present observations that expected TBW (under steady-state conditions) may be calculated from the equation by Bruce et al (1980) and restitution during fluid therapy may be monitored using BIS.
The differences between all methods to assess fluid compartments are pronounced. To further investigate the use of the method in clinical practice for dynamic monitoring of rehydration in ileostomates with acute diarrhoea repeated measurements during the course together with comparison with weight fluid-balance charts are suggested. This will be addressed in a future study.
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